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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

SIR: 

Prior to examination, please amend the above-identified application as 
follows: 

IN THE CLAIMS: 

Please amend claims 1-7 as follows: 



(Amended) An electrode plate for a battery [characterized by using a 



current collector], the electrode plate comprising a [to the] surface [of which] 
having formed thereon an oxide layer, the oxide layer being formed by applying a 
boehmite treatment [is applied, in at least one of the] to the electrode plate surface 
[for positive electrode and electrode plate for negative electrode]. 



(Amended) [A battery using] The electrode plate as cited in Claim 1 



wherein the electrode plate is included in the [the electrode plate for] battery [as 
cited in Claim 1] . 
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1 3. (Amended) The electrode plate [for battery] as cited in Claim 1, 

2 wherein the oxide layer has a [the] thickness of [a thin coating formed on the 

3 current collector surface by a boehmite treatment ranges from] 0.5 ^im to 5 ^m. 

1 4. (Amended) The [battery] electrode plate as cited in Claim 2, 

2 wherein the oxide layer has a [the] thickness of [a thin coating formed on the 

3 current collector surface by a boehmite treatment ranges from] 0.5 jam to 5 fim. 

1 5. (Amended) [An] The electrode plate [for battery characterized by 

2 using a current collector, to the surface of which a boehmite treatment is applied, in 

3 the positive electrode plate] as cited in Claim 1 wherein the electrode plate is 

4 selected from the group consisting of a negative electrode plate and a positive 

5 electrode plate . 

1 6. (Amended) A [production] method for producing [of] a positive 

2 electrode plate for a lithium secondary battery, the method comprising the steps of: 

3 providing an electrode plate comprising a metallic foil; 

4 forming a chrome oxide layer on [the surface of a current collector, which is 

5 formed of a metallic foil,] the electrode plate by applying a chromate treatment 

6 [thereto] to the electrode plate ; 

7 applying [a coating of] a paste [containing] comprising an electrode active 

8 material to said [current collector] chrome oxide layer ; and 

9 drying the paste. 

1 7. (Amended) [A lithium secondary battery using a] The method as 

2 cited in Claun 6 wherein the positive electrode plate [that is produced according to 

3 the production method as cited in Claim 6] is included in the lithium secondary 

4 battery . 

Please add the following new claims: 

1 8. (Newly Added) The electrode plate as cited in Claim 1 further 

2 comprising a paste formed on the oxide layer, the paste comprising an electrode 

3 active material. 
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9. (Newly Added) The electrode plate as cited in Claim 8 wherein the 
paste is a dried paste. 

10. (Newly Added) A method for producing an electrode plate for a 
lithium secondary battery, the method comprising the steps of: 

providing an electrode plate; 

forming an oxide layer on the electrode plate by applying a boehmite 
treatment to the electrode plate; 

applying a paste comprising an electrode active material to the oxide layer; 

and 

drying the paste. 
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PATENT 



REMARKS 



Claims 1 through 7 have been amended to more clearly point out the 
inventive features of the present invention. In addition, claims 8-10 have been 
added. The addition of claims 8-10 is supported by originally filed claim 1, and in 
the specification at page 2, lines 17-25. No new matter is added. 



Respect^iy submitted, 
^^ER & PRESTL 
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PRELIMINARY AMENDMENT 
Assistant Commissioner for Patents 
Washington, D.C. 20231 
SIR: 

Prior to examination, please amend the above application as follows: 
IN THE SPECIFICATION: 

After the title and before the first paragraph, please insert -THIS 
APPLICATION IS A U.S. NATIONAL PHASE APPLICATION OF PCT 
INTERNATIONAL APPLICATION PCT/JP99/02828--. 

IN THE DRAWINGS: 



Please delete page "3/3" of the drawings, also labeled as "Reference 
Numerals" in its entirety. 
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SPECIFICATION 



BATTERY PLATE AND BATTERY 

FIELD OF THE INVENTION 
The present invention relates to improvements in electrode plates 
for battery and a battery using the improved electrode plates for battery. 

BACKROUND OF THE INVENTION 
In order to ^^^^vent falling of an active material off a current collec- 
tor of a battery due t( ^^A^^ 'ischarge operations or during 
the assembly work -"i^C^Xj^-p. of a chromate treatment or a 
corona discharge ti iLJft^ he current collector has so far 
been proposed. (T amined PubUcation Nos. S56- 
57261 and H7-lStJ02«:.7-_____^ ,he manufacturing of electrode 



plates for a lithiiun- ion secondary battery, a method of performing dispersion 
by kneading under the presence of a stirface-active agent is disclosed as the 
method for improving the wettabihty of an active material against a bonding 
agent and a viscosity improver. (The Japanese Patent Unexamined Publica- 
tion No. H8-190912) 

However, it is found difficult for the foregoing electrode plates for 
battery to achieve an improvement in wettabUity of an active material against 
a bonding agent and a viscosity improver and also to satisfy the required ad- 
hesiveness between a current collector and an active material after the active 
material has been applied to the current collector. As a restdt, after a stora- 
ge under high temperatures or during repeated charge/discharge operations, 
the active material peels and falls off the current collector, thereby causing the 
problem of a reduction in charge/discharge capacity. 

The present invention deals with the foregoing unsettled problem to 
reahze a Kthitmi-ion secondary battery which shows minimal corrosion of a 
current collector due to an active material, minimal peehng and faUing of the 
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active material off the current collector, thereby demonstrating large dischar- 
ge capacity. 

DISCLOSURE OF THE INVENTION 
5 The present invention deals with the afore-mentioned problem to ' 

provide an electrode plate for battery and a battery using it, the electrode 
plate for battery being characterized by applying a boehmite treatment to the 
surface of a current collector prior to an apphcation of a paste, which is formed 
of a composition with an active material acting as the principal ingredient, to 
10 the current collector. 

With a method for producing electrode plates for hthium secondary 
battery characterized by applying a paste containing a positive electrode ac- 
tive material to a current collector formed of a metaUic foil and then drying 
the paste, the c\irrent collector is apphed with a chromate treatment on the 
15 surface thereof to form a chrome oxide layer prior to the foregoing application 
of the paste. 

The present invention discloses a method for producing electrode 
plates, the method comprising the steps of: 

applying a boehmite treatment to the surface of current collector of one elec- 
20 trode plate selected from a positive electrode plate and a negative electrode 
plate or applying a chromate treatment to the surface of a positive electrode 
current collector; 

applsdng a paste formed of a composition containing an electrode active mate- 
rial on the current collector; and 
25 drying the paste. 

Even when a battery employing the electrodes as described in the above is in 
usage with repeated charge/discharge operations, a reduction in the charge/ 
discharge capacity and degradation in the load characteristics can be sup- 
pressed to a minimum. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a cross-sectional view of a battery in an exemplary embodi- 



ment of the present invention. 

Fig. 2 is a diagram to show cycle hfe characteristics by making a 
comparison between a prior art battery and a battery in an exemplary em- 
bodiment of the present invention. 

Fig. 3 is a diagram to show cycle life characteristics by making a 
comparison between a prior art battery and a battery in another exemplary 
embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Next, a description is given to a case where a boehmite treatment is 
apphed to a positive electrode current collector for hthimn-ion battery in an 
exemplary embodiment of the present invention. 

(First Exemplary Embodiment) 

A hthimn-ion secondary battery in an exemplary embodiment of the 
present invention is a cylindrical Hthimn-ion secondary battery as shown in 
Fig. 1 and formed of a group of electrode plates produced according to the 
method as disclosed by the present invention, an electrolyte and a battery case 
4 accommodating the foregoing. The group of electrode plates includes a 
sheet like electrode plate 1 for positive electrode, a sheet like electrode plate 2 
for negative electrode, a sheet like separator 3 insulating the electrode plate 1 
for positive electrode from the electrode plate 2 for negative electrode, a posi- 
tive electrode lead 7, a negative electrode lead 8, an upper insulating plate 9 
and a lower insulating plate 10. The separator 3 is a porous polyethylene 
film. All of the foregoing elements are superimposed one over another, 
wound in a spiral fashion and placed inside the cyhndrical battery case 4. 

The battery case 4 is prepared by applying a deep drawing process 
to a stainless steel sheet having resistance to an organic electrolyte. 
After the group of electrode plates and electrolyte have been placed inside the 
battery case 4, the opening of the battery case 4 is closed by seahng with a 
sealing plate 5 and a gasket 6 that acts as an insialator and also apphes gas 
sealing between the sealing plate 5 and the battery case 4. 

Now, a description is given to a boehmite treatment. 
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After a 30 \im thick alximinxmi foil acting as a positive electrode current collec- 
tor has been immersed in a 12 cc/1 solution of triethanolamine, an oxide film is 
formed by drying the foregoing alimiinimi foil for 4 hours at 100 °C to have 
the surface of the aluminum foil reformed. At this time, the thickness of the 
5 oxide film is preferred to be 0,5 to 5.0 [xm. When the thickness of the oxide 
film is smaller than 0.5 ^m, a sufficient effect of reforming the surface of the 
aluminum foil is not allowed to be realized, resulting in not so excellent adhe- 
sion with an active material. On the other hand, when the thickness of the 
oxide film exceeds 5.0 \xm, the amount of the active material, which is allowed 

10 to be contained in the given same size' of the battery case 4, is reduced, re- 
sulting in an excessive reduction of the battery capacity to cause an unac- 
ceptably large adverse effect. 

Next, a description is given to a method for producing the electrode 
plate 1 for positive electrode. A paste formed of composition with an active 

15 material for positive electrode serving as the principal ingredient is prepared 
by mixing/dispersing 50 weight parts liCoOa powder as the positive electrode 
active material, 1.5 weight parts acetylene black as a conductive agent, 7 
weight parts aqueous solution of 50 weight parts PTFE as a binder and 41.5 
weight parts aqueous solution of 1 weight part carboxylmethylcellulose as a 

20 viscosity improver. The paste for positive electrode thus prepared is appUed 
to both stirfaces of the boehmite treated aluminum foil by using a die coater 
and, after the coated paste has been dried, the alxxminum foil appKed with the 
paste is heated to the melting temperature of PTFE ranging 200 ° C to 300 ° C, 
thereby further improving the adhesion between the cxirrent collector and the 

25 positive electrode composition layer. Then, the aluminum foil is rolled to a 
thickness of 0.18 mm and cut to produce the sheet Uke electrode plate 1 for 
positive electrode of the present invention. 

A description is given to a method for producing the electrode plate 2 
for negative electrode. A paste for negative electrode is prepared by mix- 

30 ing/dispersing 50 weight parts powder of scale like graphite particles acting as 
the negative active material, 45 weight parts aqueous solution prepared by 
dissolving 1 weight part carboxymethylcellulose in 99 weight parts water to 
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form a viscosity improver and 5 weight parts styrene-butadiene-rubber as a 
binder. The paste thus prepared is apphed to a 40 \im thick copper foil by 
using a die coater to produce the electrode plate 2 for negative electrode. 

The electrolyte is prepared by dissolving liPFg in a mixed solution of 
5 30 vol% ethylene carbonate, 50 vol% diethyl carbonate and 20 vol% methyl 
propionate to a concentration of 1 mol / 1. This electroljrte is contained inside 
the battery case, in which the positive electrode active material layer and 
negative electrode active material layer are impregnated with the electrolyte, 
thereby causing a cell reaction to take place with the electrol5i;e serving as a 

10 carrier of hthium ions between the electrode plate 1 for positive electrode and 
the electrode plate 2 for negative electrode by passing through minute holes of 
the porous separator 3. 

A battery is prepared by using the foregoing electrode plate 1 for 
positive electrode and cycle characteristics of the battery are checked. 

15 The battery thus prepared measures 17 mm in diameter and 50 mm in height. 

A battery for comparison, which is the same as the foregoing battery 
of the present invention except for using a positive electrode current collector 
with no boehmite treatment apphed to the svu-face thereof, has been prepared 
to carry out a side-by-side performance evaluation. 

20 The battery of the present invention and the battery for comparison 

are subjected to a cycle test, one cycle of which comprises the steps of constant 
current charging at 500 mA imtil the battery voltage reaches 4.1 V, switching 
to constant voltage charging when the battery voltage reaches 4.1 V, continu- 
ing the constant voltage charging xmtil the total charging time reaches 2 

25 hoiu-s, starting discharging at 720 mA in an ambient temperature of 20 °C 
and suspending the discharging when the discharge voltage decreases to 3.0 V. 
Upon completing one cycle as above, the next cycle is started. Fig. 2 shows 
the results of the cycle test, i.e., cycle life characteristics, on the foregoing bat- 
tery of the present invention and the battery for comparison with a capacity 

30 maintenance ratio indicated on the vertical axis and a number of cycles on the 
horizontal axis when charge/discharge operations as described in the above 
are repeated. It is found out from Fig. 2 that the battery of the present in- 
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vention shows little degradation in capacity after repeated charge/discharge 
operations when compared with the battery for comparison, thereby proving 
that the battery of the present invention has excellent cycle characteristics. 

This is because of the needle like structxire formed on the surface of 
5 the positive electrode current collector by an apphcation of a boehmite treat- 
ment thereto and the enhanced adhesion between the current collector and 
the composition layer with the active material acting as the principal ingredi- 
ent, the enhanced adhesion having been realized by the polymeric material of 
PTFE entangled with the needle like structure in a three-dimensional manner 

10 to demonstrate an anchor effect. Therefore, even when the composition 
layer containing the active material expands/shrinks due to repeated 
charge/discharge operations, it is hard for the composition layer to get sepa- 
rated from the current collector. 

Also, the battery of the present invention and battery for compari- 

15 son are kept in storage xmder a charged condition for 20 days at 60 °C and 
then subjected to several times of repeated charge/discharge operations at 
room temperature, followed with a discharging operation at 720 mA to find 
capacity till the time when the battery voltage reaches 3.0 V. The resulting 
capacity is compared with the capacity just before being kept in storage and 

20 Table 1 shows the findings. 



Table 1 



High Temperature Storage 
Characteristics 


Battery of Present 
Invention 


Battery for 
Comparison 


(Capacity after Storage/ 
Capacity before Storage) x 
100 (%) 


98 


93 



As shown in Table 1, the battery of the present invention is found to 
show httle degradation in capacity even under a high temperature storage 
25 condition. 
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A case, where the boehmite treatment is apphed to the positive elec- 
trode current collector for a Hthium secondary battery, is shown in the present 
exemplary embodiment but the boehmite treatment is also allowed to be ap- 
phed to the negative electrode current collector for the same effect, and 
5 fmrther the same effect can be gained even when the boehmite treatment is 
apphed to electrode plates of other battery systems. 

(Second Exemplary Embodiment) 
The preparation of an electrode plate 1 for positive electrode is made 
in the same way as in the first exemplary embodiment except for using an 
10 aluminum foil, on the siirface of which a chromium oxide layer is formed in 
advance by a chromate treatment, in place of an aluminimi foil that is 
boehmite treated. 

A paste for negative electrode used with an electrode plate 2 for 
negative electrode is prepared according to the same method as employed in 
15 the first exemplary embodiment. The obtained paste for negative electrode 
is apphed to both sm*faces of a negative electrode current collector formed of 
a 50 [xm thick copper foil by using a die coater and the apphed paste is dried. 
Then, the copper foil is rolled to a thickness of 0.2 mm and cut to produce a 
sheet like electrode plate 2 for negative electrode. 
20 An electroljiie, which is the same one as used in the first exemplary 

embodiment, is used in the present exemplary embodiment. 

A battery is produced by using the foregoing electrode plate 1 for 
positive electrode in the same way as the first exemplary embodiment and the 
cycle characteristics of the battery are checked. The battery thus produced 
25 measures 17 mm in diameter and 50 mm in height. 

As a battery for comparison is used a hthium secondary battery pre- 
pared according to the sarae method as employed in the first exemplary em- 
bodiment except for using a positive electrode current collector without ap- 
plying any chromate treatment to the surface thereof Then, a comparison is 
30 made between the battery for comparison of above and a hthium secondary 
battery using the positive electrode plate prepared according to the method of 
the present invention and the cycle characteristics of both batteries are as 
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shown in Fig. 3. 

In the same way as in the first exemplary embodiment, the batteries 
are charged with a constant current of 500 mA and then, when the battery 
voltage has reached 4.1 V, charging of the batteries is switched to constant 
5 voltage charging, the constant voltage being 4.1 V, with the total charging 
time extended to as long as 2 hours. Discharging of the batteries is per- 
formed with a discharge current value of 720 mA at 20 ° C and, when the di- 
charge voltage has reached 3.0 V, the discharge cycle is ended and a new 
charge cycle is started. What is found out fi:om Fig. 3 is that the lithium 

10 secondary battery using the electrode plate for positive electrode produced 
according to the method of the present invention shows Httle degradation in 
capacity in comparison with a lithium secondary battery using the electrode 
plate for positive electrode prepared according to the conventional method 
even when a charge/discharge operation is repeated, thus demonstrating ex- 

15 cellent cycle characteristics. 

This is because of the following reason. The battery using the elec- 
trode plate for positive electrode of a hthiiun secondary battery prepared ac- 
cording to the production method of the present invention shows a reduction 
in corrosion of the current collector caused by a composition layer since 

20 the composition layer with the principal ingredient thereof formed of an active 
material does not come into a direct contact with the cxirrent collector alt- 
hough the sxn-face of the positive electrode current collector is chromate treat- 
ed and the chromate treated coating on the stutface of the current collector is 
corroded, and fiu^her since generation of hydrogen gas, which takes place in 

25 the vicinity of an interface between the two different substances at the time of 
corrosive reaction, can be suppressed, the adhesion between the positive elec- 
trode composition layer and the cm-rent collector is enhanced, thereby making 
it hard for the positive electrode composition layer to peel off from the current 
collector even if the positive electrode composition layer undergoes expan- 

30 sion/shrinkage due to charge/discharge operations of the battery. 

In addition, when an almninum foil is used to form the positive elec- 
trode current collector, the surface of the aluminum foU is corroded moder- 
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ately by the chromate treatment applied thereto, thereby enhancing markedly 
the adhesion of the positive electrode composition layer to the current collector 
because of the anchor effect created on the surface of the aluminum foil. On 
the other hand, when an iron foil is used to form the cxirrent collector, the an- 

5 chor effect due to the chromate treatment is small. 

Lithium secondary batteries prepared by the use of these electrode 
plates for positive electrode are kept in storage under a charged condition for 
20 days at 60 °C, and then subjected to several times of repeated 
charge/discharge operations at room temperature, followed with a discharging 

10 operation at 720 mA to find capacity tiU the time when the battery voltage 
reaches 3.0 V. The resulting capacity is compared with the capacity just 
before being kept in storage and Table 2 shows the findings. 



Table 2 



High Temperatture Storage 
Characteristics 


Battery of Present 
Invention 


Battery for 
Comparison 


(Capacity after Storage/ 
Capacity before Storage) x 
100 (%) 


99 


93 



15 

As shown in Table 2, a hthiimi secondary battery using an electrode 
plate for positive electrode prepared according to the production method of the 
present invention is found to show Uttle degradation in capacity even under a 
high temperature storage condition. 

20 

INDUSTRIAL USABILITY 
As described in the above, the present invention makes it possible 
for a secondary battery to suppress the degradation in charge/discharge ca- 
pacity and storage characteristics to an extremely small extent when the bat- 
25 tery is used in repeated charge/discharge operations. 



10 



In addition, even under such a stringent condition as the battery is in storage 
at high temperatures for a long period, the degradation in charge/discharge 
capacity can be suppressed to a minimum. Also, a composition layer formed 
of an active material acting as the principal ingredient thereof is prevented 
from peeling off the current collector of an electrode plate during the assembly 
work of batteries, thereby enabling the enhancement of workability involved 
with the assembly work of the batteries. 
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CLAIM 

1. An electrode plate for battery characterized by using a current collector, to 
the surface of which a boehmite treatment is apphed, in at least one of 

the electrode plate for positive electrode and electrode plate for negative 
5 electrode. 

2. A battery using the electrode plate for battery as cited in Claim 1. 

3. The electrode plate for battery as cited in Claim 1, wherein the thickness 
of a thin coating formed on the current collector sxurface by a boehmite treat- 
ment ranges from 0.5 ^im to 5 jxm. 

10 4. The battery as cited in Claim 2, wherein the thickness of a thin coating 
formed on the current collector sm-face by a boehmite treatment ranges 
from 0.5 \im to 5 |xm. 

5. An electrode plate for battery characterized by using a current collector, 
to the surface of which a boehmite treatment is apphed, in the positive 

15 electrode plate. 

6. A production method of a positive electrode plate for hthixma secondary 
battery, the method comprising the steps of: 

forming a chrome oxide layer on the surface of a current collector, which is 
formed of a metalhc foU, by appl5dng a chromate treatment thereto; 
20 applying a coating of a paste containing an electrode active material to said 
current collector; and 
drjdng the paste. 

7. A hthiima secondary battery using a positive electrode plate that is 
produced according to the production method as cited in Claim 6. 



25 
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ABSTRAT 

What is made available by the present invention is a battery, in 
which measures are taken to suppress a reduction in charge/discharge capac- 
ity and degradation of load characteristics due to peeling of an active material 
off the current collector during the use of the battery with charge/discharge 
operations repeated. An appKcation of a boehmite treatment or a chromate 
treatment to the current collector surface of the electrode plate for the battery 
makes it possible for the degradation of charge/discharge 
capacity and load characteristics to be suppressed to a minimimi. 
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Fig 1 
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Electrode Plate for Positive Electrode 


2. 


Electrode Plate for Negative Electrode 


3. 


Separator 


4. 


Battery Case 


5. 


Sealing Plate 


6. 


Gasket 


7. 


Positive Electrode Lead 


8. 


Negative Electrode Lead 


9. 


Upper Insulating Plate 


10. 


Lower Insulating Plate 
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Battery of the Prese nt Invention 
Prior Art Battery 



50- 



100 200 300 400 

Number of Cycles 



100 



50 



Battery with Positive Electrode Plate Produced by the Present Invention 



Battery for Comparison Having Positive 
Electrode Plate Produced by Prior Art 



100 200 3O0 400 

Number of Cycles 
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Key to Reference Numerals 
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